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Data from thousands of test-hole and well logs were interpreted to 
improve understanding and management of the High Plains aquifer in 
a three-county study area adjacent to the Big Bend reach of the Platte 
River. Five principal conclusions resulted from these interpretations: 
(1) the extent of Neogene Ogallala deposits beneath the study area is 
different than previously mapped; (2) a large paleovalley incised into 
Cretaceous bedrock probably cuts across Kearney and Adams counties 
and may be the course of the ancestral Platte River prior to formation 
of the Big Bend; (3) a groundwater mound created by irrigation canals 
artificially raises the water table in Phelps County and the western 
half of Kearney County, but dissipates in central Kearney County; (4) 
groundwater nitrate concentrations appear to be higher in Quaternary 
sediments than in the underlying Ogallala Group; (5) a potentially 
widespread, but discontinuous, silt and clay unit with varying amounts 
of sand is located at or near the top of the aquifer. Correlation of this 
unit across the study area is uncertain, as is its origin, but it may be a 
pre-Illinoian loess. More research is necessary to better delineate the 
paleovalley system incised into the Cretaceous bedrock and to identify 
the origin, extent, and hydrologic significance of the silt and clay 
unit(s). Despite remaining uncertainties, the geology of the study area 
indicates a history of shifting drainage patterns, climate changes, and 
Laramide structural deformation.  
These maps and cross sections improve the understanding of the 
High Plains aquifer framework in the three-county study area. There 
are more than 8,100 active registered wells for domestic, municipal, 
irrigation, livestock, and commercial/industrial purposes in this area 
in 2019. (Nebraska Department of Natural Resources, undated a). The 
importance of this regional aquifer to the health and economic well-
being of the residents is evident, but managing water quality, especially 
for nitrate, proves challenging due to incomplete characterization of 
the aquifer and historic agricultural practices (Exner et al., 2014). 
The Platte River forms the continuous northern borders of Phelps 
and Kearney counties, then bends to the northeast, cutting across the 
northwestern corner of Adams County (Fig. 1). The section of the 
river in the study area is sometimes referred to as the Big Bend reach 
(e.g. Krapu et al., 1982). The physical geography of Phelps and Kearney 
counties is noteworthy because much of the uplands in the two-county 
area is a large remnant of an undissected plain, which has very few 
drainages (Johnson and Brennan, 1960). The drainage divide between 
the Platte and Republican rivers on this upland plain is very subtle.  
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Adams County, in contrast to the other two counties, is comparatively 
well-dissected by streams, including the Little Blue River. Dunes exist 
in the Platte River valley south of the channel in the study area, and 
along the border between Kearney and Adams counties in Townships 
5 and 6 North, Ranges 12 and 13 West (Johnson and Brennan, 1960; 
Condon, 2005). 
Most of the wells in the study area are installed in unconsolidated 
Quaternary sediments, a complex package of sand, gravel, silt, and 
clay layers, which was deposited in the last 2.58 million years (Walker 
et al., 2018). The bulk of Quaternary sediments in the study area were 
deposited by shifting and aggrading stream systems and modified by 
stream erosion and eolian (wind) erosion and deposition. Widespread 
middle and late Pleistocene loess (windblown silt) deposited between 
about 165,000 and 11,000 years ago mantles older fluvial deposits across 
parts of south-central and eastern Nebraska (Muhs et al., 2008; Mason 
et al., 2007).  
In addition to wells that are installed entirely in Quaternary material, 
some wells also draw water from rocks and sediments belonging to the 
Ogallala Group (deposited approximately 19 to 5 million years ago) 
(Tedford et al., 2004). Quaternary sediments directly overlie the Ogallala 
Group where it is present, but a few million years of erosion and non-
deposition separate the units in geologic time (Swinehart et al., 1985). 
The lithologies of Quaternary sediments and Ogallala Group strata 
can be similar, making it difficult to distinguish them in well logs. The 
extent of hydrologic connection between the Quaternary and Ogallala 
in the study area is currently unknown, but a connection likely exists 
and probably varies in magnitude from place to place depending in 
part on grain size and degree of cementation in Ogallala Group strata 
(McMahon et al., 2007). Quaternary and Ogallala Group deposits are 
both part of the High Plains aquifer (Miller and Appel, 1997), and the 
maps produced herein assume they function as a single aquifer.  
METHODS AND LIMITATIONS
Geologic logs from registered wells were the primary sources of data 
used to develop the maps and cross sections in this publication. Con-
servation and Survey Division (CSD) test-hole logs were also used 
(Conservation and Survey Division, undated).  Test-hole logs, however, 
were far fewer in number than those of registered wells. Estimates of 
land-surface elevations were needed to translate depths recorded on 
well logs to elevations and were derived from a digital elevation model 
having a 2-meter resolution (Nebraska Department of Natural Resourc-
es, undated b). 
The bedrock, groundwater level, and transmissivity maps were made 
using ESRI’s geostatistical analysis ordinary kriging interpolation method 
(ESRI ArcMap 10.5.1). Interpolation is a way of estimating values where 
no data exist. All of the data used herein were collected from discrete 
points, in this case the locations of registered wells and test holes. Any 
information at a point without a well or test hole must be estimated, and 
therefore, most of the data presented in the maps are estimates. Kriging 
is a geostatistical method that assigns weights to values at existing data 
points based on a pattern of spatial continuity, determined by a semivar-
iogram, and then estimates a best fit surface. The surface estimated by 
kriging does not necessarily pass through the data points and, because 
the method seeks to best fit intermediate values, the high and low points 
in the data set will probably be smoothed out. Users of the GIS files must 
be aware that the maps were made based on geostatistical calculations of 
best fit, because in many cases the values at discrete data points do not 
match the generalized value depicted by a contour line. The variety of 
information used to make the maps combined with the inherent variabili-
ty of geologic data creates much uncertainty on the maps, yet recognizable 
patterns emerge and provide useful hydrogeologic information that was 
previously unavailable. 
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BEDROCK
The location of the data points and the standard error on the interpola-
tion are included as subset maps. Standard error is the standard devi-
ation divided by the square root of the number of samples. On these 
maps, the standard error is generally higher (the predicted value is less 
certain) in areas having few data points. Standard error has the same 
units as the original data. The standard error calculated for these maps is 
the error introduced by the interpolation only. The information depicted 
on the maps probably also deviates from actual conditions due to inac-
curacies in well locations, imprecise land surface elevations, the subjec-
tive nature of recording and interpreting geologic material, and other 
factors.  These uncertainties can be classified as measurement errors and 
are the reason the kriged surfaces do not match the exact values of the 
data points (Paciorek, 2008).
The Ogallala Group is the youngest and stratigraphically highest 
bedrock unit in the study area, and underlies all of Phelps County.  It is 
also present under western and central Kearney County, and in smaller 
areas of Adams County (Fig. 2). The bedrock map included herein 
outlines locations where the Ogallala Group is probably present because 
sandstone was recorded on well and test-hole logs in those areas. 
The extents of these areas are similar to those shown on the Geologic 
Bedrock Map of Nebraska (Burchett et al., 1986), but not identical. 
Although the Ogallala Group is considered bedrock, the elevation of 
its upper contact with Quaternary sediments was not mapped in this 
project because it is difficult to distinguish these units. The Cretaceous 
Pierre Shale and Niobrara Formation (deposited about 94 to 72 million 
years ago) (Hattin and Siemers, 1987; IUGS, 2018) underlie Quaternary 
sediments and the Ogallala Group. These Cretaceous units are readily 
distinguishable from overlying strata in registered well logs and, 
therefore, the top of Cretaceous strata is contoured on the bedrock map 
(Fig. 2). The Cretaceous units also comprise the aquitard below the base 
of the aquifer and probably have greater hydrogeologic significance than 
the Ogallala surface. 
Cretaceous strata were gently deformed during the Laramide orogeny, 
which occurred between approximately 100 and 50 million years ago 
(Heller and Liu, 2016). After deformation, Cretaceous rocks were 
eroded by streams (DeGraw, 1969). Paleovalleys of post-Cretaceous 
drainages are apparent on the bedrock map and in cross sections 
herein (Figs. 2, 8, 10, and 11). Only a few test holes fully penetrate 
these ancient, sediment-filled valleys and their dimensions and internal 
architecture are very poorly known. The few test holes that extend to the 
bottom of these paleovalleys (20-B-49, 58-B-47, and 76-B-47) suggest 
they are filled mostly with silt and lesser amounts of clay and sand 
(Conservation and Survey Division, undated). 
Some authors suggested that the ancestral Platte River may have flowed 
southeasterly into present-day Kansas (Souders and Dreeszen, 1991; 
Swinehart et al., 1994). It is possible that the paleovalley eroded into 
the Cretaceous bedrock surface in Kearney and Adams counties (Fig. 
2) is the course of the ancestral Platte River prior to the development of 
the present Big Bend. Swinehart et al. (1985) documented a paleovalley 
eroded into the Ogallala Group in western Nebraska that is 15 mi (24 
km) in width and about 300 ft (91 m) in depth. The main paleovalley 
crossing Kearney and Adams counties (Fig. 2) may have similar 
dimensions where it extends into eastern Adams County.
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GROUNDWATER ELEVATION
DEPTH TO WATER
SATURATED THICKNESS
More than 105,000 acres (42,490 ha) in Gosper, Phelps, and Kearney 
counties are irrigated with surface water originating from the North 
Platte River (CNPPID, undated). This water is stored in Lake C. W. 
McConaughy, then delivered through a 75-mile-long (120 km) supply 
canal to Johnson Lake. Near Johnson Lake three main irrigation canals 
called E65, E67, and Phelps deliver water to smaller canals that branch 
through the counties (Fig. 3). The system, owned by Central Nebraska 
Public Power and Irrigation District (CNPPID), started delivering water 
in 1941. Like many canal systems, some of the conveyed water leaked 
out of the canals into the subsurface, creating a groundwater mound. 
Leakage from Johnson Lake and the canals caused the water table to rise 
more than 100 ft (30 m) in northern Gosper County by 1951 (Johnson 
and Brennan, 1960). Although the leakage that created the groundwater 
mound may have initially been viewed as undesirable losses from the 
system, CNPPID subsequently received permits (U-2 and U-12) and the 
mound water was classified as incidental storage (Nebraska Department 
of Natural Resources, undated c). The groundwater mound is now 
viewed as a component of the system that helps support aquifer recharge 
and instream flows in the Platte River (CNPPID, undated).  
The groundwater elevation in the study area is highest in western 
Phelps County, where it is about 2,400 ft (731 m) above mean sea level 
(Fig. 3). The shape of the water table shown in Figure 3 delineates 
the eastern side of the groundwater mound. The mound dissipates 
in central Kearney County, east of Minden, where the static water 
contours become relatively straight. Groundwater on the northern flank 
of the mound flows east-northeast toward the Platte River, and on the 
southern flank it flows southeast toward the Republican River. 
The groundwater elevation map (Fig. 3) was made using groundwater 
level data collected between 1998 and 2016 (excluding summer months) 
and, therefore, the contours on this map should be interpreted as 
approximate conditions during that time. The wells that were used 
to make this map have only one groundwater level available that was 
measured by the driller at the time the well was installed. The standard 
error on the map varies from one to six feet (0.3 to 1.8 m).
The depth to water map (Fig. 4) was made by subtracting the 
groundwater elevation (Fig. 3) from the digital elevation model of the 
land surface. Depth to water maps typically reflect surface topography in 
that depth to water is generally least in stream valleys and greatest under 
uplands. That convention holds true for Adams County, where the 
groundwater mound has dissipated and the topography is a dissected 
plain. In Phelps and Kearney counties, however, the groundwater 
mound and relatively flat topography produce a depth to water map 
that is a combination of the mound and topography. Depth to water 
in the study area varies from zero to about 150 ft (46 m) in most 
places, but may be up to 250 ft (76 m) in south-central Phelps County 
south of Holdrege. The error on this map is similar to the error on the 
groundwater elevation map (Fig. 3). 
The saturated thickness map (Fig. 5) was made by subtracting the 
Cretaceous bedrock elevation (Fig. 2) from the groundwater elevation 
map (Fig. 3). Figure 5 indicates that saturated thickness of the aquifer 
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ranges from a minimum of about 40 ft (12.2 m) to slightly more than 
425 ft (130 m). The greatest saturated thickness occurs where the 
highest part of the groundwater mound coincides with the north end of 
a Cretaceous paleovalley in Township 7 North, Range 20 West (western 
Phelps County). Areas of least saturated thickness are located in Adams 
County outside of the paleovalley. Both fine- and coarse-grained 
materials are included in the saturated thickness calculation. The error 
on this map is a combination of the errors and limitations associated 
with the groundwater elevation map (Fig. 3) and the Cretaceous surface 
map (Fig. 2).
TRANSMISSIVITY
Transmissivity is a measure of how much water can be transmitted 
through a given volume of aquifer. It is calculated by multiplying the 
hydraulic conductivity of the aquifer by saturated thickness. For the 
purposes of Figure 6, hydraulic conductivity was estimated based on 
lithologic descriptions recorded on well and test-hole logs that fully 
penetrate the aquifer, following the method initially described by Piskin 
(1971) and subsequently modified and used in CSD transmissivity 
maps (Summerside et al., 2005). Wells installed in areas of high 
transmissivity can have higher yields than wells installed in areas of 
lower transmissivity, assuming that the hypothetical wells have the same 
diameter and pump capacity. Similarly sized wells in a somewhat lower 
transmissivity area may pump the same amount of water as wells in a 
higher transmissivity area, but wells in the lower transmissivity area 
will probably exhibit greater drawdowns during pumping and slower 
recovery after pumping.  
Figure 6 estimates the transmissivity of the aquifer, showing two areas 
of relatively high transmissivity. The largest of the two areas extends 
diagonally across the western part of Phelps County as a roughly linear 
feature. This feature coincides with a sediment-filled paleovalley incised 
into Cretaceous bedrock (Fig. 2).  The ridges flanking the paleovalley 
may result from Laramide deformation. The fill in this paleovalley 
includes both Quaternary sediments and Ogallala Group strata. Well 
logs in this area indicate that this material is predominantly medium 
to coarse sand and fine to medium gravel with sandstone and layers of 
silt and clay. The fine-grained layers are generally, but not always, less 
than 10 ft (3 m) thick. Recharge from the overlying canal system and 
development of the groundwater mound increased the natural saturated 
thickness in this area, contributing to the high transmissivity. Saturated 
thickness in this area ranges from about 200 to 400 ft (61 to 122 m) 
(Figure 5).  
The second relatively high area of transmissivity is smaller, and is 
located in eastern Kearney and western Adams counties in Townships 
6 and 7 North, Ranges 12 and 13 West (Figure 6). Saturated thickness 
in this area is between approximately 200 to 300 ft (61 to 91m) (Figure 
5). This thickness is less than the area in southwestern Phelps County 
because the Cretaceous bedrock surface is comparatively shallow and 
the groundwater mound has dissipated at this location. However, well 
logs suggest the coarseness and overall abundance of gravel there is 
greater than in the Phelps County area. These attributes increase the 
hydraulic conductivity of the aquifer and compensate for the lesser 
saturated thickness, producing transmissivity values similar to those 
observed in western Phelps County.  
Variability in sediment texture and sorting results in differences 
between the saturated thickness and transmissivity maps. For example, 
the large estimated saturated thickness in the paleovalley crosscutting 
Adams County is not prominent on the transmissivity map because it is 
assumed to be filled with silt. If subsequent investigation indicates sand 
and gravel units exist in the paleovalley, the actual transmissivity would 
be higher than estimated.  The standard error on Figure 6 is generally 
about 25,000 gpd/ft (310 m2/d) and the map should be used as a relative 
indicator of higher versus lower transmissivity rather than a quantitative 
indicator of well yield. 
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CROSS SECTIONS
Figure 7. Phelps, Kearney, and Adams counties through Axtell (A-A')
This cross section is the southernmost section drawn for this project 
and crosses parts of all three counties of the study area (Fig. 2). The 
western end of the section begins north of Holdrege and extends to 
the southeast, generally parallel to the groundwater gradient. The 
groundwater elevation is represented as a dashed line and was extracted 
from the groundwater elevation map (Fig. 3). The high water table 
associated with the groundwater mound is apparent on the western side 
of the cross section.  
The complexity of the aquifer material is also evident in this cross 
section. For example, in approximately the western half of the section, 
both Quaternary sediments and the Ogallala Group are present. For 
mapping purposes, this publication assumes these units are acting 
together as a single aquifer, mostly because the lithology is similar and 
the units are contiguous in places. However, between Funk and Axtell 
there is a silt layer (up to 60 ft [18 m] thick) between the top of the 
Ogallala Group and overlying sand and gravel strata. The hydrologic 
leakiness of this silt unit is unknown, as is the hydrologic connection 
between the sand and gravel unit and the Ogallala Group even when 
they are superposed. Elevated nitrate concentrations in the relatively 
shallow sand and gravel monitoring wells on the western side of the 
cross section were not observed in deeper Ogallala wells at the same 
location, but more detailed investigation of groundwater flow is 
necessary to understand why these differences were observed. 
This cross section shows the Ogallala Group extending farther to the 
southeast than indicated by the Geologic Bedrock Map of Nebraska 
(Burchett et al., 1986), by which the Ogallala Group would terminate 
approximately at the monitoring well labeled 188158 (MW). Instead, 
the Ogallala Group is shown to extend approximately 9 mi (14 km) 
farther southeast. Five wells between well 188158 and test hole 02-TB-
19 are shown terminating at the top of the Ogallala Group. The basal 
lithology in these wells is often described as clay or sandy clay. Prior to 
drilling the test hole 02-TB-19 for this project in the summer of 2019, 
these wells were thought to terminate at the top of the Cretaceous 
System. However, cuttings from the test hole show sand and sandstone 
underlying about 20 ft (6 m) of clay and silt that includes lesser 
amounts of sand. The sand and sandstone (approximately 35 ft [11m] 
thick in the test hole) indicates the Ogallala Group is present and 
extends farther to the southeast than previously thought. Sandstone 
noted in registered well logs still farther to the southeast on the cross 
section support this interpretation. 
Another significant feature of this cross section is a silt and clay layer 
(with lesser amounts of sand) that is approximately 10 to 20 ft (3 to 6 
m) in thickness located at the top of the sand and gravel unit in the 
middle of the cross section. This layer may be a pre-Illinoian (2.58 to 
0.165 million years ago) (Rovey and McLouth, 2015) loess formerly 
described as the Fullerton Formation (Lugn, 1939; Reed and Dreeszen, 
1965). Additional subsurface investigation will be required to better 
characterize this unit because loesses vary in particle size, mineralogy, 
pedogenic structure, source material, and degree of alteration (e.g. 
Mason el al., 2007).  If the unit is the Fullerton Formation, it may have 
been deposited during a relatively warm period between 1.3 to 0.6 
million years ago (Roy et al., 2004). 
The upper surface of the Cretaceous System shown in all of the cross 
sections (Figs. 7 to 11) was extracted from Figure 2. The Pierre Shale 
and the Niobrara Formation are undifferentiated on Figure 2 and the 
cross sections because they cannot be consistently distinguished in 
well logs. 
Figure 8. Kearney and Adams counties through Roseland (B-B')
This cross section extends across Kearney and Adams counties, 
roughly parallel to groundwater flow, approximately 7 mi (11 km) 
north of section A-A' (Fig. 2). This section crosses the main Cretaceous 
paleovalley in two places, as well as two smaller tributary paleovalleys, 
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which are depicted in the cross section by the undulating Cretaceous 
surface. The biggest stratigraphic difference between the two cross 
sections is the apparent presence of a fine-grained layer underlying the 
Quaternary sand and gravel across the entire section B-B'. Very few 
wells or test holes penetrate this layer, however, and there could be sand 
and gravel units within it or interrupting its lateral extent. 
Nested wells on the western side of the section indicate groundwater 
nitrate concentrations are higher in the Quaternary sand and gravel 
than in the underlying Ogallala Group, an observation that was 
also made to the south on cross section A-A'. Groundwater nitrate 
concentrations in the sand and gravel down gradient on the cross 
sections do not follow an obvious pattern. 
The fine-grained layer within the sand and gravel unit on the eastern 
one-third of B-B' may correlate to the widespread putative pre-Illinoian 
loess that overlies the sand and gravel unit on cross section A-A'. This 
supposition is based on the lateral extent and elevation of the unit, 
as well as the general lithologic description on well logs. Additional 
research regarding the origin and hydrogeologic properties of confining 
units may eventually provide better understanding of aquifer framework 
and function. 
Figure 9. Adams County through Hastings (C-C')
This cross section extends from the Platte River valley southeastward 
through Hastings (Fig. 2), east of the groundwater mound.  The shallow 
groundwater level on the western side of the cross section results from 
a hydrologic connection to the Platte River. The fine-grained unit that 
extends for approximately 6 mi (10 km) on the eastern half of the 
section witin the sand and gravel unit has a similar elevation to the 
supposed pre-Illinoian loess unit on sections A-A' and B-B' and may 
correlate to them. Excessively generalized descriptions in well logs 
preclude mapping this fine-grained unit across the study area. This 
cross section does not include any nested wells, but casual observation 
suggests wells that extend into the Ogallala Group may have lower 
nitrate concentrations than wells entirely within the Quaternary sand 
and gravel. 
Figure 10. Southwest to Northeast across Adams County (D-D')
Unlike previous cross sections, this section does not parallel the 
groundwater gradient, and as such the groundwater level does not 
consistently decrease along the section. Saturated sand and gravel 
deposits up to 200 ft (61 m) in thickness exist in test hole 20-B-49 near 
the center of the cross section. Test hole 20-B-49 is one of only three 
in the study area that penetrate to the bottom of the main paleovalley. 
The supposed pre-Illinoian loess is shown within the sand and gravel 
unit at a similar elevation as on the other cross sections and appears to 
be discontinuous.
Figure 11. Southwest to Northeast across Phelps County (E-E') 
This cross section skirts the eastern edge of the groundwater mound and 
roughly follows an equipotential line; thus, the groundwater level shown 
on the cross section is relatively flat. Topographically, the section crosses 
the eastern edge of the undissected upland plain and ends at the Platte 
River. With respect to bedrock, this section crosses the main paleovalley 
at a location where it is wider and shallower than on other cross sections 
(Fig. 2). No existing groundwater nitrate concentrations were recorded 
for wells on this section. 
The presumed loess is limited to a relatively small area near the center 
of the cross section where this section intersects with cross section 
B-B'. Distribution of this unit appears to be most extensive (but 
discontinuous) in Adams County. The same or similar unit exists in 
parts of Phelps County, but it may be less widespread there. Other, 
smaller, fine-grained units are drawn on all of the cross sections herein. 
These smaller units are probably too localized to have a significant 
hydrologic effect within the aquifer, and their origins are likely various, 
including alluvial and eolian depositional environments. 
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SUMMARY AND CONCLUSIONS
These maps and cross sections provide a rough conceptual model of 
the High Plains aquifer framework in the three-county study area. 
Interpretations of thousands of well logs suggest:
The location and extent of the Ogallala Group in Kearney 
and Adams counties is different than depicted on the 
Geologic Bedrock Map of Nebraska (Burchett et al., 
1986). The bedrock map presented herein (Fig. 2) shows 
more extensive Ogallala deposits in Townships 5 and 
6 North, Ranges 14 and 15 West, and also Township 
7 North, Range 15 West, all in Kearney County. 
Conversely, Figure 2 indicates that the isolated Ogallala 
Group remnants in Kearney and Adams counties may 
be smaller than shown on the Geologic Bedrock Map of 
Nebraska (Burchett et al., 1986).
The ancestral course of the Platte River may cut across 
Kearney and Adams counties, as evidenced by a 
paleovalley incised into Cretaceous bedrock that could be 
up to 15 mi (24 km) in width and 300 ft (91 m) in depth 
(Fig. 2). The dimensions and internal architecture of this 
paleovalley are poorly defined because only a few test 
holes have been drilled to the Cretaceous surface beneath 
the paleovalley fill. 
The groundwater mound associated with the canal 
system dissipates in the vicinity of Minden in central 
Kearney County (Fig. 3).  
Nitrate concentrations in groundwater appear to be lower 
in the Ogallala Group than in the shallower Quaternary 
sand and gravel (Figs. 7 and 8).
A widespread but discontinuous silt and clay unit 
typically 10 to 20 ft (3 to 6 m) in thickness is located near 
the top of the aquifer. The unit may be a pre-Illinoian 
loess and appears to be most prevalent in Adams County 
(Figs. 7-11). The extent to which this unit acts as a 
hydrologic confining layer is unknown. 
The data discussed herein can be interpreted in multiple ways and 
additional geologic research is needed. Groundwater age dating and 
chemical analyses are currently underway and may lead to revisions of 
this proposed framework. 
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2.
3.
4.
5.
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Figure 1. Geographic Setting. The canal system shown is owned and operated by Central Nebraska Public Power and Irrigation District. Phelps and Kearney 
counties are part of the Tri-Basin Natural Resources District and Adams County is in the Little Blue Natural Resources District. The paleovalleys shown are 
incised into Cretaceous bedrock and are not visible in the current topography. 
13
Figure 2. Elevation of the top of Cretaceous bedrock. Contour lines show the elevation of the Cretaceous bedrock surface, which is the base of the aquifer. The 
distribution of Neogene and Cretaceous units were delineated based on well logs, and differ somewhat from the Geologic Bedrock Map of Nebraska (Burchett 
et al., 1986). Even where contour lines appear over Ogallala Group bedrock, the elevations apply to the underlying Cretaceous System. Red dashed lines 
indicate paleovalley axes. Solid black lines indicate the locations of geologic cross sections shown in Figures 7 through 11. Hachures in enclosed contour lines 
indicate a depression. 
14
Figure 3. Groundwater Elevation. Groundwater flows from higher to lower elevation, which is generally west to east across the study area. The groundwater 
mound created by the canal system underlies all of Phelps County and the western half of Kearney County. 
15
Figure 4. Depth to Water. The depth to groundwater is generally greatest under uplands and least in valleys, a pattern that is visible in southwestern Phelps 
County and much of Adams County. However, the low-relief topography above the groundwater mound in much of Phelps and Kearney counties results in 
an unusually uniform depth to water in this part of the study area.
Figure 5. Saturated Thickness. Calculated as the difference between the Cretaceous bedrock surface and the groundwater elevation. Fine-grained units are 
included in the thickness. 
16
Figure 6. Transmissivity.  Closed contours with hachures indicate areas where the transmissivity is less than the value of the contour line. Closed contours 
without hachures indicate areas where the transmissivity is greater than the value of the contour line. 
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Figure 7.  Interpretive geologic cross section A-A´. The location of this cross section is shown on Figure 2. The dashed horizontal line is the estimated groundwater elevation, and solid vertical lines represent the locations of wells and test 
holes. Wells are labeled with their registered well identification number (Nebraska Department of Natural Resources, undated a) and test holes with their test hole numbers (Conservation and Survey Division, undated). Red numbers next 
to some wells represent the most recent concentration of nitrate measured in that well. 
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the locations of wells and test holes. Wells are labeled with their registered well identification number (Nebraska Department of Natural Resources, undated a) and test holes with their test hole numbers (Conservation and Survey 
Division, undated). Red numbers next to some wells represent the most recent concentration of nitrate measured in that well. The question mark indicates that the lithology is unknown.
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Figure 11.  Interpretive geologic cross section E-E′ , southwest to northeast. The location of this cross section is shown on Figure 2. The dashed horizontal line is the estimated groundwater elevation and solid vertical lines represent the locations wells and test holes. Wells are labeled with their registered well 
identification number (Nebraska Department of Natural Resources, undated a) and test holes with their test hole numbers (Conservation and Survey Division, undated). Question marks in the lower-most Quaternary unit indicate that the lithology is unknown. 
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